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C oi^acEive gol vaier QagssoMtions 
This invention relates to eos<3«cf ive .polymer 
compositions and mors particularly to fluid compositions 
based on polyaniiine from which conductive fibres, films and 
5 coatings ears be made. 

The emeraidiae base fdrsa of poXyar.il in», doped with s 
sulfonic acid, is «ow well-established as a useful sir- stable 
conductive polyroer -and the laaco base ferra may also be 
•useful} , but conventional fluid compositions only form good 
10 fiUas if their solids content is rather small, and even then 
the films do not draw well.. The present; invention provides 
compositions Which are capable of use in a wet-spinning 
process for the manufacture of drawn fibres; they are also 
useful for the manufacture of drawable films and of coatings 
15 by processes in which a cejnpetitive solvent is used zo 
achieve solidification faster than is possible by solvent 
evaporation alone. 

The polymer ccniposition in accordance with the invention 
is cbe reaction product of: 
20 !aj a pclyaniiine in base form; 

Co) an aliphatic sulfonic acid having in addition to at 
least one sulfonic acid group a second hyarogen-bomdins 
functional group; and 
Cc3 an acid solvent having a pX* in aqueous solution at 23 S C 
25 less than 5 but substantially higher (snore positive; than 
that of the sulfonic acid. 

While the invention does not depend on any theory and 
the applicants do net intend to be bound by theory, it is 
thought that the sulfonic acid not only acts as a dopant to 
30 make the pclyaniiine conductive but also as a soivating agent 
to increase the -solubility" of the polymer {the word has 
been put in inverted conrass because the mixtures are 
sometimes considered to be, at least partly, stable 
dispersions rather than true (fully scivated) solutions.-, a 
35 homogenising stop will usually be required in forming them; , 
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It is also thought that aliphatic sulfonic acids are less 
.liable than the bulky sulfonic acids currently in general use 
{dodecyl benzene sulfonic acid ana caiapbor-10-sulf cnic acid} 
to inhibit the aligmienfc of polyaniline molecules that is 

5 presumably desirable for both drawabilifcy and conductivity. 

The polyan.il ire is preferably as free of branching and 
other defects as possible, and polyaru.iin.es of. the kind 
showing only two substantial peaks in their is C JffiSR spectra in 
the leucc base form, in accordance with WOS5/23822 ,. are 

50 preferred. For sulking fibres and drawn fibs, high molecular- 
weight is normally also desirable, but this may not always be 
so if the mixture is for use in making coatings. 

Preferably the polyaniline is in its etoeraldina base 
fotov,:; alternatively it. is possible to use the Xeoco base 

•S form, though for isost applications this will eventually need 
to be oxidised to the emeraidine torsi, 

The aliphatic sulfonic acid is preferably wholly free of 
ring structures (especialy airomatic ones) , and ideally also 
free of bulky substitutes. ?oiymerised or pciy^erisable 

20 aliphatic sulfonic acids have the advantage that they are 
less likely to migrate away from the polyaniline, and taay 
therefore be preferred. High molecular weights are 
undesirable.. Preferred functional groups are carbonyi, a»ida, 
amino and hydroxy, especially amido and carbonyi. 

25 Specific aliphatic sulfonic acids that appear to be 

commercially available and are considered suitable are: 
2~acrylanido-2-metkyi-l-prepanesulfonic acid {PiKSBA) 
f SsC=CH-C0-NH-C (CHj.) s-CHj-SOsH]. {-the hydrogenated derivative of. 
this acid can also be used); 

30 AT-- ! 2--acetamido) -2-amineethanesuIf onic acid iACSS) 
[HjSf- CO -CH 2 - -^IH-CHj-CHj-SOsH] ; 
X,it-hia {2-hydroxyethyi} -2~aminoethanesuif onic acid (BBS? 

[ (HO-CHj-CHj-)s N-a«-CK 2 -SQ 3 K] ;. 
3 ■■ { amid ino thiol -l~propanesulf onic acid 

3.5 [ KjJf •■ {OBH) -S- fCK 2 ) 3 -SOjB] 
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3- [M,sr(2-hydroxy®tfeyiyaaixio3^2-hydr8^-I-jprop^-esuIfoaic acid 

i i::HOCH z -CI%-h S-CH 3 rCH<OH) -CH3£G 3 KJ and 
3-[{l,2 -diraethyi-2-l^dro3syethyl> afa-ix-o] -2-hydroxy- 
1 -propaassvslf opac acid 
5 [HCCHs -C (Cih ) a -HK-GK 2 -CK (OH) -CK 2 SO,H} - 

Of these, ACSS and te&sst especially aKPSS, (and its oligomers;! 
are preferred. 

The pR a values ox aliphatic sulfonic acids are difficult 
no measure and. not readily acessible, but it x&ay be assumed 
JO that they all have pKa values lover than 1, and in many cases 
below G. 

The proportion of sulfoxide acid in the mixture way vary 
in the usual ranges; ssostly a proportion in the range ficnn 
0,3 to 1.0 calculated by reference to the number of nitrogen 

US atoms- in the polyaniiine will be suitable. 

Preferably the acid solvent has a pK K not greater than 4 
and -sore especially not greater than 3 or better still 2 or 
even 1.5; preferably it is at least C.5 units larger (more 
positive; than that of the sulfonic acid. We prefer to use 

20 earboxylic acids that seat these criteria and .especially 
those with haiogeno- substitusnts Waning -CI, -P or --OJS . 
Acid solvents; that are liquid at a:abient tersperature, or not 
far above, are preferred. Most preferred is dichioroaeatie 
acid (pK s = .1.48, melting point 11*GS . Other representative 


25 acid solvents and their pK» ' s {and melting points) are: 


acid solvent 

"""PX S 

m. pt <°C3 

broads c e t i c ac id 

"a.es 

51 ~1 

chioroacetic acid 

2.35 


cyaao ac e t i c ac id 

2-45 

§ . 

py r u v i a ac i d 

2.39 


2-chioroprcpionic acid 

■■- 2.53 


2 -Xetobutyxic acid 

2.5 


2 - c hi o r obu tyr i c ac id 

1 2.86 

#■ 

2--o«o-3 --Tftetbylpentanoic acid 

2 3 

14 
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phosphorous acid 

" 1.3 | # 

formic acid 

3.75 [""" 8 ' 

acrylic acid 

""""4.2 | 13 

act-tic acid 

4.7- | 17 


# svslting points xsofc readily available 


The mixtures in accordance with the -invention may 
include mors than one such, acid solvent; they raay also 
include additional solvents (diluents) and /or best polymers 
5 that say become incorporated into the fibres, fitos or 

coatings ; we prefer that they do not contain lie&itsa chloride 
{or any inorganic! electrolytes! . The fluid mixtures in 
accordance with the invention are green, indicating 
protonation of the polyaniline. 

id 'The invention includes processes for jsaking fibres,. 

films and coatings characterised by the step of removing the 
acid solvent from, the laisctures described by exposing the 
-•ixture to the action of a competitive solvent, by which is. 
meant a liquid in which the acid solvent in the mixture is 

55 readily soluble but polyaniline is substantially insoluble, 
vve have found that se.lsct.ed esters and ketones, 
including in particular acetone., methyl isobutyi ketone and 
butyl acetate are effective and suitable competitive 
solvents. Water cay be too effective for soma processes, as 

20 it is usually desirable for some of the acid solvent to 
remain, as an aid. to subsequent drawing (a. plaatieiser} and 
over-rapid solidification may not be conducive to optimum 
structure; but aqueous solution® of alcohols, ketones and 
esters rs&y prove usable. 

25 Thus the invention includes 

1. a process for the manufacture of polyaniline fibre which is 
a wet-spinning process in which the mixture described, is 
caused to pass through the opening's.) of a spinneret into a 
bath of competitive solvent and the resulting filament 

30 optionally drawn simultaneously or subsequently; 

2. a process for the matnifacbure of a poiyaniline-coated 


wonami 
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substrate in which the laixtare described is applied, in. at 
least oris layer on the surface of the substrate, the layer, 
or each layer in tars, is exposed zo competitive solvent, 
and the coating is subsequently dried; and 
5 3 .processes for manufacture of : polyaniline film in which a 
coating made as jest outlined is .freed, frosa the substrate 
(before or after drying) and optionally uaiaxiaily or 
biaxiaiiy drawn. 

Both fibres and films can foe cold-drawn (at room 
SO temper stare) or drawn at elevated teinp^Katures , up to about 
1S0°C. At present ws prefer to draw at temperatures in the 
range from 80 to 120, arid more especially 90-100=0 tor fibres 
and iOO-iirc for filxss and moss especially at the higher end 
of each of these ranges. 
S3 EXAMPLES 

The polyaniline starting material for these examples is 
an siseraldine baas prepared according to the teaching of 
WOSS/23822 and having a molecular weight {M P ; rssssured as 
described in that application of about 150,000 DBlfcons. 
20 sxaxapXs 1 

Solyaniiine {3.467gi was ground by a pestle and mortar with 
&MPSA {4.533s, 5? molecules per hundred nitrogen atoms in the 
pqiyanilirse} using a glove box. with dry nitrogen atmosphere 
to avoid gelation. The ground mixture was added to 

25 diohloroaeatic acid (S2.0g) to give a mixture with a solids 
content of 8% by wight for about 12%w/v, as the acid has a 
specific gravity of about 1.5). The fixture was homogenised 
fox 10 minutes in a Qltraturrax hoaogeniser running at 
20,000 rpm. The hoKogenisation/protonation is appreciably 

30 exothermic. A portion of the resulting dark green mixture wss 
cast onto a 155 jnra diameter polished silicon wafer and dried 
in an oven at 30*C for about 24 boars. The. dried film was 
peeled fren; the substrate and found to be 0.202 i 0.004 mm 
thick; its electrical conductivity was measured us lag a 4- 
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wire probe and found to be 17?±6 S/cm. A dumbbell with a bar 
section 25 jam long- and 4.0 issn wide was die-cut from this film 
and clamped in a stretching rig: it was heated to 11:0*0 and 
then stretched slowly until the applied force reached 6.0 N. 
5 The bar portion of the sample was then 58 nan long (elongation 
I30%} ; 0.114 ± a. 004 m thick and 2.7 ssas wide; its 
longitudinal conductivity was 540 S/cm. 
sample a 

Poiyaniline (G.S32 g) was; ground with AMPSA (0.863 g, 60 

•0 aai«eysi«s per hundred, nitrogen atoais) and added to 

dichloroacetie acid (28.5 g) and homogenised, using the saiae 
procedure as before but under ambient atmosphere as the 
solids content was only 5%, ac which leva! gelation is not 
experienced. The solution was cast onto a silicon wafer as 

35 before but then immersed in acetone at room temperature for 
ten minutes to "coagulate" the coating by dissolving part of 
the dichloroacetie acid. It was dried overnight in the 80 "C 
oven before peeling fro» the substrate and eutltias dumbbells 
as. before. The as-cast film had a conductivity of 

10 168 ± 13 S/cm. A sample with an initial cross- section 4 a by 
0 . 16 sssa was stretched at room temperature at a rate of about 
1 atm/sain without the load exceeding 5.5 N; in a few minutes , 
an elongation of 115%, retracting reversibly to 100% on 
removal of the tension, was obtained. The cross-section after 

25 stretching was 3 «ss by 0,11 mm and longitudinal conductivity 
344 ± 35 S/caa. The sample was returned to the stretch rig and 
held under a tension 5,1 S at 110«C; after 10 minutes, the 
conductivity was found to be 408 ± 40 S/cm, after an hour 
459 ± 40 S/cm and after 3 hours 4S0 ± 40 S/css. The cross- 

30 section at 115% extension was now 2.7 sua by 0.10 mm. Xt is 
assumed that residual solvent was lost during this annealing 
process; there was an appreciable loss of elasticity. 

ITnstretched samples were also annealed at 110* (for an 
hour} ; this was found to produce a steady decline in 


PCT/GB9S/8324! 


7 

eonduc z iv i ty . 

Pelyaniliae {1.51? gj was ground with AMPSA (2.033 g, 
SO molecules Jiujxdred nitrogen; atosss) as.fi then added under 
5 nitrogen to aichloroaeetic acid (36.4 g} over a S-mtnute 
pariod while homogenising at 20,000 rpm, ..generally as in the 
preceding examples. Homogenising was continued for s further 
10 minutes to obtain a 5%-soiids mixture (by weight ~ about 
15% w/vS . The mixture was transferred, immediately , without 

•o cooling, to a cylindrical dope-pot 25 ass in diasseter having 
at its bottom end a 140-Fdercaaetxe filter and a spinneret 
consisting of a Single hole with a diameter of 15-Oltu. 'She. pot 
was removed from the glove box and pro-nptly connected at its 
top end to a nitrogen gas supply. An electric heating tape 

15 Was wrapped round the pot to enable it to be brought to and 
held at a temperature of 50 ± 5*C, and its bottom end was 
dipped into two litres of cold butyl acetate in a measuring 
cylinder. The nitrogen pressure in the pot was raised to 
0.7 JiPa (100 psi) to spin a continuous filament, which was 

px left in the butyl acetate for up to 10 nsinutes and then dried 
in air. 

The fiiasnent was measured with a micrometer and found to 
have a diameter of 0.30 ± 0.31 nan, and examination with a 
scanning electron microscope (including examination of a. 
25 surface formed by fracture at liquid nitrogen temperature; 
showed it zo be smoothly cylindrical and without apparent 
voids or granules. Longitudinal conductivity of the filament 
was 70 ± 9 S/c:n. 

A ten-mill irsetre length of the filament was stretched at 
30 room temperature at a rate of about lOmw/sec, and was thus 
elongated into a fibre 50 mm long and with a uniform cross- 
section of 0.10 ±0.01 * ski. Its conductivity was 
810 ± 200 S/cm and tensile strength at break about 45 SSSa 
(breaking load 0.4 S3 ) . 
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This was substantially the same as Example J except that 
the butyl acetate was replaced toy acetone. 

The filament diameter {as formed) was 0.25 i 0.01 saro and 
5 its longitudinal conductivity 90 ± 8 S/csa. 

A tea-sail imetre length of the filament was stretched as 
before anri thus elongated into a fibre 30 ism long and with a 
uniform cross-section of 0.09 x 0.01 mm. Its conductivity was 
than 1014 ± 200 S/crss and tensile strength at break about 
50 50 K?a (breaking load 0,4.1 K) . 

A filament was made by the same procedure as in 
Sjtample 4 but in this case the diameter of the filament as 
farmed {'which is very sensitive to precise conditions') was 
i5 found to be CIS nun;: its conductivity was still about 
30 S/em, 

A 2S«sa» length of this filament was heated to SO'C and 
drawn at a uniform rate to achieve a length of 135 mm over a 
ten-rninute period. This resulted in a fibre 0.059 x 0.02 mm 
20 in diameter with a conductivity in a longitudinal direction 
of 1050 ± 180 S/csa. 
2xamcie_6 

A solution was made using the sa»e procedure as before with 
the same polysnliine emeraldine base.. mSSA and 

25 dichlorcacetic acid., taut in proportions to give 50 j&oiecules 
of m2Sk per hundred nitrogen atoms in the polyaniline and a 
solids content of only 1.5% by weight and asing a 5-sdnute 
horaogenisation step fallowed by eentrifuging tor 30 minutes 
in a typical laboratory centrifuge at 4,500 rpm. Fiat glass 

30 substrates were coated with enough of this solution to cover 
the surface and spun, using a commercial spin coster., at 1700 
rpm about an axis' normal to the coated surface and through 
its centre and while spinning heated to 120 s " using an infra- 
red heat lamp until dry (around 3 minutes; to obtain a coating 
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O.QViixa thick, as measured with an *of-step-* prof ilometar. Th« 
film had a conductivity of 60 S/cm, a Sliest resistance of SOD 
ohms per square a« optical transmission of 95% at 550 ran. 
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CLAIMS 

1 A fluid conductive polymer snisctare for use in the 
preparation of coatings., films and fibres which is the 
reaction product, of: 

5 (a) a polyaniline in base tozmi 

lb) a sulfonic acid having in addition to at least one 
sulfonic acid group a second hydrogen- bending fimctioaai 
group ; and 

(c) an acid solvent having a pK* less than. 5 but 
10 substantially higher (nsore positive? than that of the 
sulfonic acid. 

2 A fluid mixture as claimed in claim 1 in which the 
poiyaniline is of the kind showing only two substantial peaks 
.in the Vi C m& spectrum of its leuec base form. 

15 3 A fluid fixture as claimed in claim 1 or claim 2 in. 
which the poiyaniiine is in its emeraidine base form. 

4 A fluid mixture as claimed in any one of claims 1*3 in 
which the aliphatic sulfonic acid is wholly frsa of ring 
structures . 

20 5 A fluid mixture as claimed in any one of claims 1-4 in 
which the aliphatic sulfonic acid is polyraerlsabie . 

5 A fluid -mixture as claimed in any one of claims 1-5 in 
which the said functional groups in the sulfonic acid are 
selected from the group consisting of caxfaonyi, amido, amino 

25 and hyctroxy. 

7 A fluid mixture as claimed in any one of claims 1-5 in 
which the said functional groups in the sulfonic acid are. 
selected amido or carbonyl . 

8 A fluid mixtures as claimed in claim 1 or claim 2 in 

30 which the aliphatic sulfonic acid is 2~acrylamido»2~msthyi •■ 
i -propanasulf cnic: acid {AKTPSA} . 

3 A fluid mixture as claimed in claim 1 or claim 2 in 
which the aliphatic sulfonic acid is selected from: 
^~(2-acetatdao;-2-aminoethanesulfonic acid (ACES; : 

35 f^iv-bis(2-bydrpxyethyi}-2-amincethane sulfonic acid iBESi; 
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3- (arrddinothio) -i-propaaesnif onic acid; 3- [MsCS- 

hyclroxyethyi } aiaino } - 2 -hydroxy-l-propsnesulfoaic 

acid; 3~ C { 1 , l-diaiethyl.-2-&ydroxyieth3?l} amino] -2 -hydroxy- 

1 -pr opanes ui fonie acrid; and the hydrogenated derivative of 

10 A fluid mixture as claimed in any one of claims i-S in 
which the proportion of sulfonic acid in the Mxture' is is 
the range from 0.3 to 1.0 calculated by reference tc the 
number of nitrogen atoms in the poiyaniline. 
50 11 A fluid mixture as claimed in any one of ciaisas 1-1 G in 
which the acid solvent has « pK a net greater than 4. 

12 A fluid mixture as claimed in any one of claims 1-10 in 
which the acid solvent has a pK K net: greater than 3. 

13 A fluid mixture as claimed in any one of claims 1-10 in 
£5 which the acid solvent has a jpX» net greater than 2. 

14 A fluid mixture as claimed in any one of claims 1-10 in 
which the acid solvent has a pX„ not greater than 1.5. 

15 A fluid mixture as claimed in any one of claims 1-14 in 
which the acid solvent has a pK A at least 0.5 units larger 

20 'more j>ositive) than that of the sulfonic acid. 

IS A fluid mixture as claimed in any one of claims 1-15 in 

which the acid solvent is a caxboxyi ic acid. 

1? A fluid mixture as claimed in any one of claims 1-15 in 

which the acid solvent, is a carbexylic acid with halogen©- 
ZTs substltuonts t-Ci, ~F or -CNj . 

18 A fluid mixture as daisied in any one of claims 1-15 in 
which the acid solvent is diehioroacetic acid. 

19 A fluid mixture as claiiaed in any one of claims 1-15 in 
which the acid solvent is selected from trichloroacetic acid, 

30 bromoacetic acid, chloroacetic acid, cyanoacatio acid, 
pyruvic acid, 2 --chioropropionic acid, 2-ketchutyric acid, 
2~chloxobutyric acid, 2-ono-3-mathylpentancic acid, 
phosphorous acid, formic acid, acrylic acid and acetic acid. 

20 A process for making conductive polymer fibre, film or 

35 coating including preparing a fluid mixture as claimed an any 
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one of claims 1-19 and removing acid solvent by exposing the 
mixture to the action of a competitive solvent. 

21 A process for the Biaau£6ctu»« of poiyaniline fibre which 
is a wet- spinning process coiaprising preparing a fluid 

5 mixture as claimed in any one of claims 1-19, and causing it 
to pass through the opening (s 5 of a spinneret into a bath of 
competitive solvent. 

22 A process as claimed in claira 21 comprising 
simultaneously or subsequently drawing the resulting 

.10 filament. 

23- A process as claimed in claim 22 in which the filament 
is drawn at room temperature. 

24 A process as. claimed in claim 22 in which the filament 
is drawn at a temperature in the range 90~100*C. 
IS S3 A process as ciaised in any one of claiias 20-24 in Which 
the competitive solvent is acetone., methyl issbutyl ketone or 
butyl acetate, 

26 A process for the manufacture of a polyaniline-eo&ted: 
substrate comprising preparing a fluid mixture as claimed in 

SO any one of claims 1-15, applying it in at least one layer on 
the surface of the substrate, exposing the layer, or each 
layer in turn, to a competitive solvent... and. subsequently 
drying the coating. 

27 A process for the manufacture of a polyaniline film 
£S comprising preparing a mixture as claimed in any or is cif 

claims 1-1.9, applying it in at least one layer on the surface 
of the substrata, exposing the layer,, or each layer in turn, 
to a competitive solvent, freeing the coating from the 
substrate and then drying it. 

33 28 A process for the isanufacture of a polyaniline film 
Comprising preparing a mixture as claimed in any one of 
claims 1--19, applying it. in at least one layer on the surface 
of the substrate, exposing the layer, or each layer in turn, 
to a competitive solvent, subsequently drying the coating, 

35 and freeing' it from the substrate. 


13 

23 A process as ciadmd in- claim 27 or claim 2 8 in which 
the competitive solvent is acetone, matbylisobutyl ketone or 
butyl acetate. 

30 A process as claimed in any one of claims 27-2-5 in which 
5 the Sills, is uniaxially or biaxially drawn, 

31 A process as claimed in claim 30 in which the film Is 
drawn aft rocaa cesrperacuya.- 

32 A process as claimed in claim 31 in which the fi'la is 
drawn at a tesnperafcure in the range 100-113*0* 
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